Field records supplied by the American Simmental Association from 2-yr-old dams were used to study maternal grandsire • region of the U.S. and maternal grandsire • herd within region (herd/region) interactions. Regions were 1) Montana, North Dakota and South Dakota, 2) Kansas and Nebraska, 3) Texas and Oklahoma and 4) Alabama, Florida, Georgia, Louisiana and Mississippi. Analyses were conducted pairwise with respect to region with the following number of animals in each comparison: 1 (3,964) vs 2 (2,239), 1 (3,996) vs 3 (1,660), 1 (3,418) vs 4 (474), 2 (2,033) vs 3 (1,709), 2 (1,666) vs 4 (443) and 3 (1,372) vs 4 (430). Independent variables were the fixed effects of region, sex of calf, Simmental percentage of the calf (75 to 88%) and the random effects of herd/region, maternal grandsire, maternal grandsire • region and maternal grandsire • herd/ region. Records were adjusted to account for the direct effect of maternal grandsire in the maternal grandsire component. Dependent variables were calving ease score, birth weight and 205-d weight.
Introduction
The effect of genotype • environment interactions on the estimation of breeding values for direct effects in growth rate and calving ease in bulls used widely in artificial insemination has been studied. Nunn et al. (1978) and Buchanan and Nielsen (1979) reported significant sire x region of the U.S. interactions for weaning weight. However, when Tess et al. (1979) included sire x herd within region (herd/region) along with sire x region in the model, sire • region no longer was Published with the approval of the Director of the Montana Agric. Exp. Sta., Journal Series No. J-1966. 2 The authors wish to thank the American Simmental Association for supplying the records used in this study.
Received September 21, 1987 . Accepted January 12, 1988 important, but sire x herd/region was a significant source of variation for weaning weight. Burfening et al. (1982) also observed that sire x region was not a significant source of variation for calving ease score or birth weight, but sire x herd/region was significant when both interactions were included in the model. Sire x herd interaction (Legates et al., 1956; Mao and Burnside, 1969) and sire x region interaction (Lytton and Legates, 1966) have been studied in dairy cattle for milk production traits of sire's daughters. Those interactions reported were essentially zero. In beef cattle, no information is available on genotype • environment interactions involving breeding values for maternal effects (growth rates and calving ease of sire's daughter's calves) and how these may influence the ranking of sires for these maternally influenced traits. One approach to evaluating the sire ranking for maternal effect is by evaluating the maternal grandsire of the calf 864 J. Anim. Sci. 1988. 66:864-871 and the maternal grandsire x environment interactions. The objectives of this study were to evaluate the importance of maternal grandsire, maternal grandsire x region interaction and maternal grandsire x herd/region interaction for calving ease, birth weight and 205-d weight.
Materials and Methods
Records supplied by the American Simmental Association from 2-yr-old dams were used in these analyses. Only records from 2-yr-old (1 yr, 9 mo to 2 yr, 9 mo of age) dams were used because when calving ease was studied as a trait of the calf, variation of age of dam groups was heterogeneous and because selection of dams may have been practiced based on their calving and weaning performance as 2-yr-olds. Contemporary groups or herds were classified according to the procedure outlined by Burfening et al. (1982) . Calves within a breeder's herd were sorted on the basis of birth date, and calves born within 90 d of the first birth date were assigned to the same contemporary group. Calves with consecutive birth dates with more than 45 d between their birth dates were assigned to different contemporary groups. Regions, representing a broad cross-section of environments, were formed on the basis of geographic location and number of records in a region. The regions were 1) Montana, North Dakota and South Dakota, 2) Kansas and Nebraska, 3) Texas and Oklahoma and 4) Alabama, Florida, Georgia, Louisiana and Mississippi.
Analyses were conducted pairwise with respect to region due to the limited capacity of the least squares mixed-model program (Harvey, 1977) . This was necessary in order to fit both maternal grandsire and maternal grandsire • region interaction effects.
Each herd was required to have grandprogeny of at least two maternal grandsires. Further restrictions on number of progeny per maternal grandsire x region subclass were made for each of the comparisons in order to reduce the number of maternal grandsires to the capacity of the program. The number of records, minimum progeny per maternal grandsire • region subclass, number of maternal grandsires and number of herds for each pair of analyses are shown in Table 1 . Each maternal grandsire was required to have records in both regions for the pairwise analyses.
Traits such as calving ease, birth weight and 205-d weight are influenced by both the genes the cow transmits and by the maternal environment she provides (Koch and Clark, 1955) . Half the genes that influence the direct effect associated with the maternal traits are contributed by the cow's sire (the offspring's maternal grandsire). These genes also may influence the maternal environment. In order to ensure that the maternal grandsire variance component more precisely estimated the maternal environmental component, each record was adjusted to account for the maternal grandsire's influence on the direct effect associated with the maternal traits. This adjustment was accomplished by calculating a correction factor (CF) for each trait for (Harvey, 1977; W. R. Harvey, personal communication) . Dependent variables were calving ease, birth weight and 205-d weight. Calving ease was scored as follows: 1 = no assistance; 2 = easy pull; 3 = hard pull (usually with a mechanical puller), and 4 --Caesarean. The model included the fixed effects of region, Simmental percentage of calf (75 or 88%) and sex of calf. Random effects were herd/region, maternal grandsire, maternal grandsire x region interaction, maternal grandsire • herd/region interaction and residual. The variance-covariance matrix for maternal grandsire effects was assumed to be Io 2, The expected mean squares for the model with unequal subclass numbers are shown in Table 2 . As can be seen from Table 2 , there was no appropriate mean square for testing the statistical significance of region. However, estimates of the maternal grandsire • region variance component were either close to zero or negative for all analyses. Therefore, the maternal grandsire • region variance component was assumed to be zero, and the herd/region mean square was used for testing region because the maternal grandsire x region variance component was the only additional variance component present in the expected mean squares for region. If the maternal grandsire • region variance component actually was not zero, then the test conducted would cause region to test significant more often than if an exact test were possible, due to the underestimation of the error term used. Herd/region and maternal grandsire • region were tested over maternal grandsire x herd/region. Maternal grandsire was tested over maternal grandsire x herd/region. Maternal grandsire x herd/region, sex of calf and Simmental percentage of calf were tested over residual, Variance components and their coefficients were estimated for each random effect (Harvey, 
1977; W. R. Harvey, personal communication).
Total variance was estimated as the sum of the variance components for maternal grandsire, herd/region, maternal grandsire • region interaction, maternal grandsire • herd/region interaction and residual. Percentage of the total variation attributed to these different variance components was calculated using a weighted average based on the total number of progeny in each analysis presented in Table 1 . Genetic correlations (Yamada, 1962) between maternal grandsire's progeny performance in different herds within region were calculated according to:
rgMH/R --aM + 82 MH/R which assumes that the maternal grandsire by region variance component is zero.
Results and Discussion
Region was a significant source of variation in three analyses for calving ease score and in all but one analysis for both birth weight and 205-d weight (Table 3 ). The least square means for the three traits for each region in each pair of analyses are shown in Table 4 . Adjusting for the maternal grandsire's influence on the direct effect did not appreciably change the least square means for the effect of region for the three traits from those reported in Hanford et al. (1985) with the same data. There was a trend for calving ease, birth weight and 205-d weight to decrease from northern to southern regions; region 4 had the lowest calving ease, birth weight and 205-d weight. These results are similar to those reported by Burfening et al. (1982) in which sire x location interactions were analyzed, except that the least square means for calving ease score were larger than those shown in Table 4 .
Simmental percentage of the calf (Table 3) was not a significant source of variation in any analysis for calving ease or 205-d weight. However, it was significant in three of six analyses for birth weight. These results are different from those reported earlier Burfening et al., 1982) in which Simmental percentage was significant in all comparisons for calving ease. However, the Simmental percentage of the calves in those studies was 50 and 75%, respectively. Sex was a significant source of variation in all analyses, which is similar to the findings of Burfening et al. (1982) .
Herd/region was a significant source of variation in all analyses (Table 3) ; the variance component for herd/region (weighted average over all comparisons) accounted for 17, 28 and 51% of the total variation for calving ease score, birth weight and 205-d weight, respectively (Table 5) . These results are similar to those given for calving ease score and birth weight by Burfening et al. (1982) .
Maternal grandsire was significant in all analyses for calving ease score and birth weight and for 1 vs 2 for 205-d weight. These results are similar to those reported by Hanford et al. (1985) in which the maternal grandsire component was not adjusted for the direct effect. This indicates that the adjustment of the traits for the direct effect of maternal grandsire probably is not necessary in order to evaluate effectively the three traits in this study. Maternal grandsire accounted for 4, 3 and 0% of the total variation for calving ease score, birth weight and 205-d weight, respectively. These results again are similar to those reported by Hanford et al. (1985) of 4% and 0% for calving ease score and 205-d weight, respectively, but are slightly higher than the 2% for birth weight. The maternal grandsire percentage was higher for calving ease and similar for birth weight percentages reported for the sire component for 2-yr-old dams Burfening et al., 1982) .
The maternal grandsire • region interaction was not significant in any analysis. Its variance components were essentially zero for all three traits, which agrees with earlier findings for the sire • region interaction variance component in which the sire • herd/region interaction effect also was in the model (Tess et al., 1979; Burfening et al., 1982) .
The maternal grandsire • herd/region interaction was not a significant source of variation in any analysis for calving ease score, but it was significant in four of six analyses for birth weight and 205-d weight. This interaction accounted for 1, 5 and 3% of the total of the weighted average variance components for calving ease, birth weight and 205-d weight, respectively. The genetic correlations between maternal grandsire's progeny performance in different herds within region (Table 6) bcalving ease scores: 1 = no assistance; 2 = easy pull; 3 = hard pull (usually with a mechanical puller); 4 = caesarean. cNC = Not calculated due to negative variance component estimates. sire x herd/region interaction and the low genetic correlations indicated that different maternal grandsire progeny did not rank the same in different herds for birth weight and 205-d weight. Differences between herds in management, nutrition and other environmental factors may account for this result. If the factors that created this interaction can be identified, it should be possible to predict more accurately the genetic worth of a potential sire in a particular herd.
In these analyses, the maternal grandsire effect was adjusted to account for half the direct effect associated with the maternal traits of calving ease score, birth weight and 205-d weight. However, these adjustments did not significantly change the results compared with analyses in which the maternal grandsire effect was not adjusted. The producer sees and evaluates unadjusted maternal traits. Because no maternal grandsire x region of the U.S. interaction was observed in the evaluation of breeding values for these maternally influenced traits, maternal grandsire rankings are not expected to differ among regional environments studied, even though differences existed among regions of the U.S.
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